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ABSTRACT 
Two species of wood rotting fungi were used to 
investigate the possibility that growth-enhancing or 
inhibitory substances in woods from various trees are 
responsible for the distributiOn of these fungi in nature. 
Panus stipticus (Bulliard ex Fries) and Armillariella mellea 
(Vahl ex Fries) Karsten were cultured in the laboratory on 
blocks of wood from Taxodium distichum (L.) Richard, 
Juniperus virginiana L., Pinus taeda L. and Quercus rubra L. 
Panus stipticus grew well on the surface of the wood blocks; 
histological studies showed less penetration into the xylem 
of the softwoods than into that of ,g. rubra. Armillariella 
mellea grew well on all of the woods with greatest 
penetration occurring in g. rubra. When added to a yeast 
extract malt extract glucose medium, aqueous extracts of 
pine wood enhanced the growth of both fungi; those from all 
other woods enhanced A. mellea and inhibited~. stipticus. 
Ether extracts of pine enhanced A. mellea and inhibited P. 
stipticus; ether extracts of the other woods inhibited both 
species. 
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INTRODUCTION 
Many varieties of organisms 
of woody materials and play 
decomposers in the natural 
are involved in the decay 
a most important role as 
economy; among the most 
significant are many species of basidiomycetous fungi, some 
of which are bioluminescent, giving rise to the "fox-fire" 
phenomenon. Hymenomycetes are basidiomycetes, producing 
mushroom or toadstool-type fruiting bodies that develop 
seasonally from the dikaryotic secondary mycelium growing in 
the xylem and decomposing the lignin and/or cellulose in the 
cell walls of that tissue. Some species attack only the 
lignin component of wood, causing the "white rots," others 
remove only the cellulose, causing "brown rots" and still 
others are capable of digesting both cellulose and lignin 
(Barnes 1968). 
All of the wood-destroying hymenomycetes in which the 
fruit-body is bioluminescent have been reported to grow on 
hardwoods such as species of Quercus, Alnus, Fagus, and 
Betula (Buller 1958). For example, Panus stipticus Bulliard 
ex Fries is an obligate saprobe which is only known to grow 
on dead hardwoods and possibly their decaying leaves; both 
the mycelium and basidiocarps of this species luminesce. 
Armillariella mellea (Vahl ex Fries) Karsten, however is the 
only bioluminescent hymenomycete which has been demonstrated 
to grow on conifers, although in this species the mycelium 
is luminescent but not the basidiocarp. Armillariella 
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me11ea is known to occur on a wide variety of both hardwood 
and softwood species (Barnes 1968). In addition to 
decomposing dead wood, it causes extensive damage to living 
trees and is quarantined as a plant pathogen by the united 
states Department of Agriculture. 
Nutritional aspects were early recognized to be of 
great importance in determining the degree of host 
specificity in parasitic species of fungi (Alexopoulos 
1979). While nutritional aspects may limit a fungal species 
to a particular host, other factors may also be of 
considerable importance. A plant that would be a good host 
from the nutritional aspect may contain other substances 
, 
that inhibit or prevent fungal growth. 
In view of fundamental differences in structure and 
chemistry between angiosperms and gymnosperms, Panus 
stipticus (reported only from hardwoods) was chosen in an 
attempt to investigate the hypothesis that softwoods either 
lack specific nutrients for the growth of this fungus or 
that they contain compounds which prevent its growth. 
Armi11arie11a mellea, which occurs on both hardwoods and 
softwoods was included for purposes of comparison. 
Currently, the survival value of bioluminescence in 
relation to fungi is not known to be either advantageous or 
deleterious and is most likely a result of metabolic side 
reactions (Buller 1958). 
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MATERIALS AND METHODS 
General 
Cultures of Panus stipticus (ATCC# 24514) and 
Armillariella mellea (ATCC# 13594) were obtained from the 
American Type Culture Collection. Working and stock 
cultures were maintained on bread crumb agar (BCA) , prepared 
by adding 100g white bread crumbs (containing no fungal 
inhibitors) and l8g Bacto-Agar per liter of deionized water 
(Stevens 1981). The mixture was heated to dissolve the 
solid ingredients and was 
flasks by autoclaving at 
sterilized in cotton-stoppered 
l2lC for 20 minutes. Following 
sterilization, it was dispensed at ~he rate of approximately 
25 ml/dish into standard 100 X l5mm plastic sterilized petri 
dishes. To provide inoculum for the experiments, plates of 
BCA were inoculated with the test organisms and were placed 
on racks over a shallow layer of water in a covered aquarium 
to provide a moisture-saturated atmosphere. The cultures 
were incubated at room temperature, which fluctuated 
randomly between 20 and 30C during the incubation period. 
Incubation periods ranging from five weeks to as long as 
eight weeks were required in order t·o obtain sufficient 
growth for use as inoculum in the experiments. To provide 
uniform inoculum for all experiments, discs amm in diameter 
were cut from these plate cultures with a sterile cork borer 
and the discs were then transferred to the experimental 
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cultures using a flamed needle. 
Growth on Wood Blocks 
The following conifer species were used as substrates 
in this experiment: Pinus taeda L. (loblolly pine); 
Juniperus virginiana L. (eastern red cedar), and Taxodium 
d ist ichum (L.) Richard (bald cypress). Along wi th the 
conifers, Quercus rubra L. (red oak) was chosen as a control 
because it is a natural substrate for P. stipticus. 
To prepare cultures, blocks measuring 100 X 75 X 40mm 
were cut from each of the woods. Quart-sized glass jars 
were prepared for use as culture vessels by placing a layer 
of absorbent cotton in the bottoms; the cotton was then 
saturated with deionized water. A block of test wood was 
placed on the saturated cotton in each jar. The mouths of 
the jars were covered loosely with heavy-duty aluminum foil; 
the preparations were sterilized at l2lC for 90 minutes. 
A total of five cultures of each organism on each of 
the test woods was established. A set of uninoculated 
controls were also set up. The cultures were incubated for 
four months at room temperature and were observed at 
frequent intervals during the incubation period. At the 
end of the four months the form, abundance, and other 
visible characteristics of the fungi were noted and 
specimens cut from the blocks were used for histological 
study. 
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Histological Studies 
Cubical specimens approximately 15mm on a side were cut 
from the blocks of wood showing the heaviest growth in the 
wood block experiment. Cultures showing visible 
contamination were not used; however, at least one specimen 
of each fungus on each of the woods was used for 
histological purposes. The specimen blocks were placed in a 
fixative solution of formalin glacial acetic acid : 50% 
ethyl alcohol (5:5:90) (FAA) for 24 hours. Cross, radial 
and tangential sections of the uninoculated control blocks 
and of the infected cedar blocks were cut at 20 micrometers 
thickness; the other infected woods had been weakened by the 
fungi making it necessary to section them at 40 micrometers 
to prevent crumbling. 
For staining, sections were placed in watch glasses 
containing tap water. The following staining procedure was 
modified from a standard Delafield's schedule (Johansen 
1942). The primary stain, hematoxylin, was added to the 
watch glasses at the rate of five to six drops. After 
approximately five minutes the sections were rinsed 
repeatedly with tap water until no color was detected in the 
rinse. They were then counterstained wtth safranin for 24 
hours and again rinsed repeatedly until no color was 
detected. Following the final rinses, sections were 
transferred serially through 95% ethanol, 100% ethanol, and 
toluene before mounting in Permount under coverslips on 
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standard microscope slides. 
A Nikon optiphot biological microscope with a Nikon 
Microflex UFX-II photomicrographic system was used for 
studying the specimens and for photomicrography.For 
photomicrographs, Royal Pan (4 X 5 sheet film) was used. 
Effects of Wood Extracts on Growth 
Stock cultures of A. mellea and P. stipticus were 
maintained on solid media ("YMEG") consisting of yeast (4g), 
malt extract (lag), glucose (4g), and Bacto-Agar (15g) per 
liter deionized water. When sufficient growth developed for 
inoculation, uniform discs amm in diameter were cut from the 
peripheral zones of cultures and placed in test media 
containing aqueous or ether wood extracts. The test media 
for inhibitory compounds was the same as for stock cultures 
except that no agar was added. The media for growth-
enhancing factors was deionized water to which appropriate 
extracts were added. Controls for each experiment were 
either nutrient media or deionized water to which the 
appropriate solvents were added to the respective media. 
Extracts of the uninfected softwoods were added to media or 
deionized water to determine their effect on the fungi. 
Experimental media were prepared by adding wood 
extracts to the basal media. To prepare the woods for 
extraction, they were chopped into fragments averaging 
approximately 2-3cm X 2-3cm in thickness. 
Aqueous extracts were made by placing wood chips in 
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250ml stoppered flasks with a volume of solvent sufficient 
to cover the chips, (lOOml per 70g of chips.) The 
preparations were then refrigerated at approximately 5C for 
72 hours. The supernatants were then sterilized by 
filtration using Nalgene Sterilization Filter units, Type S, 
0.20 micrometer pore size. 
Ether extracts were prepared as described above for the 
aqueous extracts except that the solvent was diethyl ether, 
(U.S.P, J.T. Baker Chemical Company). These extracts were 
not refrigerated nor was the supernatant filtered since 
contamination in ether is highly unlikely. 
For each test run, 10ml/tube media were dispensed into 
test tubes sterilized at 121C for 15 minutes, and cooled to 
room temperature before inoculation. The tubes receiving 
ether extracts were allowed to sit at room temperature for 
at least 24 hours, until no ether odor was detected. The 
tubes were shaken mechanically once daily to insure uniform 
growth. Mycelia from the test media were harvested at two-
week intervals by suction filtration and dried at 45C in an 
oven for 24 hours. Growth was assessed as total biomass of 
dry mycelium. 
An analysis of variance was then performed on the dry 
weights values using an SPSSX program (SPSS Inc., 1986). 
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RESULTS 
Both A. mellea and ~. stipticus had the ability to grow 
on all woods tested, often covering the entire block with 
fluffy white aerial mycelium. Pine and cedar showed the 
greatest amount of visible growth and cypress the least for 
both fungi (Table I). Several of the cultures of both 
species became contaminated by more rapidly growing fungi of 
the genera Penicillium, Neurospora~ Rhizopus, and 
Aspergillus. These contaminants apparently set up zones of 
inhibition which held the hymenomycetes static and led to 
their death as evidenced by mycelial collapse. When culture 
vessels were allowed to become dry, A. mellea developed a 
highly-branched aerial mycelium on the uppermost surface of 
the wood blocks. This did not occur in any of the vessels 
which were kept moist. Microscopic examination of this 
aerial mycelium revealed that the hyphae were larger in 
diameter than the earlier mycelium, and developed 
intercalary spheroidal swellings at frequent intervals and 
at tips of the hyphae. When growing on wood under the same 
conditions, P. stipticus did not develop aerial mycelium. 
Panus stipticus required a two- to three~week longer initial 
incubation period to become established in the wood, but 
eventually grew as abundantly as A. mellea in all host 
species tested. This extended lag period also was noticed 
in preparing stock cultures of P. stipticus on bread crumb 
agar. 
Histological Studies 
Of the three kinds of 
yielded the least information 
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sections, the cross sections 
in all cases. When it was 
possible to detect the presence of mycelium in cross 
sections, visualization was sometimes fragmentary and 
indistinct. Radial and tangential sections provided 
lengthwise views of tracheids, vessels, and other components 
of xylem, and so afforded more opportunity for evaluating 
extent and characteristics of hyphal penetration, size, 
branching, and other features. 
Both P. stipticus and A. mellea showed their greatest 
concentration of mycelium in oak. The hyphae showed 
multiple branching in all three sections with fungus 
developed as a mycelial mat. Hyphae could be seen crossing 
the lumina of axial elements and rays (Figure I) and also in 
the pores (Figure 2),· tyloses, and smaller vessels (Figure 
3) • 
Hyphae of P. stipticus and A. mellea were almost as 
concentrated in the cedar sections as in the oak. 
Tangential sections showed hyphae of P. stipticus passing 
through bordered pits (Figure 4). Quite-often a hypha was 
observed to cross horizontally up to fifteen axial elements. 
Radial sections showed hyphae growing almost entirely 
horizontally across numerous vessel elements (Figure 5). 
Armillariella mellea showed a similar growth pattern, mainly 
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horizontal (Figure 6). 
Both fungi exhibited their least growth in cypress. 
Panus stipticus was observed in very few areas of the 
tangential sections. Where it occurred, it was mainly 
confined vertically to single or several adjacent tracheids 
(Figure 7). Penetration of the walls of tracheids was rare. 
Radial sections showed branched hyphae growing vertically 
within the lumina of the tracheids (Figure 8) • 
Armillariella mellea exhibited a similar growth pattern but 
the areas of growth were not as isolated. There was also 
more penetration through walls of tracheids (Figure 9). 
Panus stipticus was seen more frequently in sections of 
pine than cypress. Growth was very dense on the surface but 
diminished rapidly as the hyphae penetrated the wood (Figure 
10) • Vertical and horizontal growths were almost balanced 
(Figure ll). Radial sections gave an excellent view of 
hyphae passing through bordered pits (Figure 12). 
Observations of A. mellea were obscured by dense rapid 
growth of contaminating fungi; time did not allow for 
repetition of this part of study. 
Effects of Wood Extracts on Growth 
Armillariella mellea was the more vigorous growing 
fungus; the average weight from all cultures was 8.40mg 
compared with 6.39mg for P. stipticus. This was also 
apparent in the culture tubes in which A. mellea formed a 
larger more compact mycelium. 
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Both fungi produced greater biomass in YMEG medium than 
in deionized water (Figure 13). In the averages of all 
trials, ether alone or with extracts enhanced the growth of 
P. stipticus but retarded the growth of A. mellea (Figure 
14) • The controls demonstrate that ether alone has an 
enhancing effect upon both fungi. In the controls which had 
no wood the average mean values of R. stipticus were 9.9mg 
for YMEG with deionized water and 11.6mg for YMEG with 
ether. For growth in deionized water, the average weight 
was 9.3mg for water and lO.4mg in the ether control. The 
controls of A. mellea were also enhanced. The biomass of A. 
mellea in medium was measured at 12.5mg with the addition of 
water and 13.1mg with - the addition of ether. An even more 
pronounced increase was seen in deionized water only in 
which A. mellea was measured at 7.6mg but ether controls 
yielded a biomass of lO.3mg. 
When ether wood extracts were added to R. stipticus 
growing in YMEG medium and deionized water, inhibition was 
seen in all of the woods tested (Figures 15 & 16). Aqueous 
wood extracts of J. virginiana, P. taeda, and g. rubra 
enhanced growth of P. stipticus in YMEG medium whereas those 
of T. distichum were inhibitory (Figure-17). When the same 
wood extracts were added to P. stipticus growing in 
deionized water, inhibition was seen with Taxodium and 
Juniperus while enhancement was seen with Pinus and Quercus 
(Figure 18). 
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All of the ether wood extracts except those of Pinus 
inhibited growth of A. mellea in YMEG medium and deionized 
water (Figures 19 & 20). The aqueous extracts added to ~. 
mellea growing in YMEG medium showed inhibition in all 
cases except Quercus, which showed a slight enhancement 
(Figure 21). Aqueous extracts added to ~. mellea growing in 
deionized water showed enhancement in all cases (Figure 22). 
In several cases, measured dry mycelial weights showed a 
decrease over time which is represented by the shaded areas 
of the histograms in Figures 16, 17, 18, 20, 21 and 22. 
Taxodium showed this effect more often than any of the other 
woods tested. The greatest amount of growth regardless of 
the time interval was taken as the number used for 
comparison. 
Statistical analysis revealed that dry mycelial weights 
varied significantly with regard to the media, solvent, wood 
and time (Table II). The type of wood extracted showed the 
least significance of all variables whereas the solvent 
showed a greater significance indicating variable solubility 
of the inhibitory or enhancing compounds (Table II). 
DISCUSSION 
In this study, the growth of ~. mellea on ,three species 
of softwoods and on oak is consistent with numerous previous 
reports of its occurrence in nature, where it is found on 
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these host species both on living trees and decaying wood. 
This organism causes a form of white rot because its decay 
mechanism is primarily involved with removal of lignin from 
the secondary cell walls of xylem tissues {Berry and Lombard 
1978} • The fact that P. stipticus, also a white rot fungus 
{Miller and Manning 1976}, grew on oak in the present study 
is in agreement with previous reports of its occurrence in 
nature. However, its growth on softwoods seems to be unique 
to the present work. While in the present study abundant 
mycelial growth of P. stipticus was obtained on softwoods, 
previous works reported growth only at times when fruiting 
structures made identification possible. Therefore it may 
be possible for the mycelial stage to occur on conifers in 
nature and remain undetected. 
The histolgical characteristics of all infected woods 
and the mycelium growing in them was basically the same for 
~. mellea as for R. stipticus. It is of interest that both 
fungi developed growth patterns leading to profuse "mycelial 
mats" in oak but not in the softwoods suggesting that oak 
does not have the growth-inhibiting 
softwoods. 
property found in 
Part of the resistance of conifers may be structural. 
Softwoods consist largely of tracheids, with the cell lumen 
completely enclosed by a cell wall, so that movement of 
water or micro-organisms must involve passage through a cell 
wall or pit membrane. Hardwoods, however consist of 
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vessels, fiber and parynchyma as well as some tracheids; 
moreover, the vessels are formed from open ended vessel 
elements so that both water and micro-organisms can move 
axially without necessarily passing through either a cell 
wall or pit membrane (Levy 1982) • 
The histological specimens of wood studied in the 
present work revealed that hyphae passed quite easily 
through bordered pits and directly through cell walls. In 
other species of fungi that ramify in plant tissues, the 
hyphae are reported to be constricted where they pass 
through the cell wall and the penetration of these barriers 
is interpreted as being mechanical pressure (Alexopoulos 
1979). No such constrictions were· observed in any of the 
woods in the present study, suggesting an enzymatic 
mechanism for penetration. other research has shown that 
the penetration of hyphae of wood-destroying fungi is mostly 
a chemical rather than a mechanical activity (Panshin and 
de Zeeuw 1970) • 
Another aspect of wood structure is the depth of 
pentration of spores. Spores of wood-destroying fungi are 
as a rule much smaller (usually < 15 micrometers in 
diameter) than the diameter of wood elements (30-S00 
micrometers). n Spores of A. mellea have been shown to pass 
quite freely through hardwood such as Quercus robur L. and 
Fraxinus excelsior L. (up to 16cm) but a piece of conifer 
wood lcm long filtered off all spores" (Hintikka 1982) • 
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Since spore penetration and germination were not 
investigated in the present work no statement can be made 
about the ability of ~. mellea or ~. stipticus to germinate 
on hardwoods or conifers. This aspect may serve temporarily 
to confine an infecting fungus to a smaller area of a tree, 
a topic which will be discussed later. 
Levy (1982) mentions a series of colonization steps in 
which bacteria break down pit membranes and then ascomycetes 
and fungi imperfecti form cavities in wood thus creating a 
more favorable environment by which basidiomycetes may gain 
entry into the wood. However, no evidence of any primary 
colonization or breakdown was observed in the present study 
indicating that no primary modificatIon of wood is necessary 
for A. mellea or ~. stipticus to infect. 
It is interesting to note that ether extracts of all 
woods tested inhibited growth of both fungi except in the 
case of P. taeda extract and A. mellea. Although it is 
difficult to extend this observation to natural situations 
where organic solvents such as ether do not ordinarily come 
into consideration some softwoods such as pine and cedar 
produce oils which may serve as organic solvents. It has 
been demonstrated that many hymenomycetes which inhabit 
conifers, especially those which occur on dead tissues of 
living hosts (perothophytes), were able to grow in saturated 
atmospheres of several terpenes. Fungi of hardwoods were 
much more sensitive to small amounts of terpenes in the air 
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(Hintikka 1982). Also volatile components of Pinus 
ponderosa Laws oleoresin such as n-heptane, alpha pinene, 
I-camphene and myrcene have been shown to be growth 
inhibitors of Fomitopsis annosa (Fries) Karsten and certain 
species of Ceratocystis. Vapor saturation was at least 
partially responsible for the observed inhibition although 
in most cases a greater inhibition was seen with substrate 
incorporation (Cobb et ale 1968). In the present study all 
softwoods gave off pungent odors in the culture vessels, 
indicating that volatile components were present both in the 
substrate and the atmosphere. Other research reports great 
variation in monoterpene composition from tree to tree in P. 
ponderosa (Smith 1964).' The concentration of monoterpenes 
or other compounds may play an important role as to whether 
a particular species of fungus is able grow on the wood. 
The length of time a tree has been dead could also be a 
factor in determining which decomposers are able to grow 
there with regard to dispersion of volatile compounds. 
Another class of inhibitory compounds are phenols. It 
has been demonstrated that the OH functional group is 
responsible for fungitoxic properties against wood-
destroying fungi, in particular Lentinug lepidus (Fries ex 
Fries) Fries, a species closely related to P. stipticus 
(Anderson 1962) • 
Since some of the aqueous extracts also produced 
inhibition it is possible that the inhibitors are simply 
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less soluble in water than in ether, as the inhibition was 
generally greater with ether extracts. The cases in which 
no inhibition occurred or more growth occurred suggests that 
either the inhibitory compounds were not being extracted or 
factors necessary for growth (possibly ions or simple 
carbohydrates) were being extracted. The same situation may 
apply to the enhancement seen in A. mellea where the P. 
taeda ether extract was added, although this slight increase 
could be due to experimental error. 
Most of the enhancement of A. mellea and P. stipticus 
was observed where aqueous wood extracts were added to the 
fungi cultured in deionized water. Others have identified 
some of the simple carbohydrates which have a stimulatory 
effect upon wood-destroying fungi. Ethanol at a 
concentration of 500ppm has been found to stimulate mycelial 
growth of A. mellea but different isolates under the same 
nutritional conditions showed great variation in ability to 
produce rhizomorphs. Ethanol not only stimulated but proved 
to be an excellent carbon source for A. mellea. Figwood 
(Ficus carica L.) extract was shown to have a profound 
stimulatory effect upon A. mellea although gas 
chromatographic analysis of 
evidence that a low molecular 
this ext~act did not reveal 
weight alcohol was present 
(Weinhold and Garraway 1966); it was also mentioned that 
certain aliphatic aldehydes and alcohols have been shown to 
have growth promoting effects on several hymenomycete 
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species. 
volatile organic acids have also been shown to have a 
stimulating effect on the growth of various wood-rotting 
fungi (Glasare 1970). The arrangement of the molecule also 
affects the ability of compounds to stimulate growth. Ortho-
amino and p-amino-benzoic acids stimulate growth of ~. 
mellea while m-amino-benzoic acid does not (Garraway 1970). 
In the present study ether alone showed a strong 
stimulatory effect upon both fungi which was more profound 
with p. stipticus. Low molecular weight alcohols have been 
shown to stimulate mycelial growth and rhizomorph formation 
in A. mellea by preventing the accumulation of metabolic 
phenols (Vance and Garraway 1973) • Whether ether has the 
same effect as low molecular weight alcohols in removing 
phenolic metabolites or whether it serves as a carbon source 
was not investigated for ~. mellea or p. stipticus. Tannic 
acid stimulates rhizomorph production in~. mellea although 
it is an inhibitor to many other wood-destroying species 
such as Fomitopsis annosa (Fries) Karsten and Fusarium 
roseum Link. This ability of ~. mellea not only to tolerate 
many phenolic compounds but also to be stimulated by them 
may account for its 
distribution (Cheo 1982) • 
competitive . nature and wider 
The fact that p. stipticus is reported in nature only 
on decaying hardwoods could possibly be related to a recent 
discovery that certain species of angiosperms and a few 
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conifers produce low molecular weight compounds of plant 
biosynthesis (phytoalexins) which have antibiotic properties 
to one or more groups of micro-organisms (Keen and Bruegger 
1977) although no information of this nature could be found 
for P. stipticus or A. mellea. For phytoalexins to be 
effective, they must be rapidly produced at the site of 
infection or rapidly transported to this area. 
Whether living softwoods and P. stipticus are 
incompatible or not was not investigated in the present 
work. Further evidence for this possibility comes from 
Buller (1958), who reported that A. mellea grew upon pyrus 
aucuparia (L.) Gaertner for at least three years, even 
luminescing and forming fruit bodies but then apparently 
died, leaving the tree healthy. Quite often stressful 
conditions in trees allow fungus infections. Defoliation in 
sugar maples (Acer saccharum Marsh) stimulates growth of A. 
mellea. It has been proposed that defoliation causes 
changes in the sugar or starch concentration in the roots or 
may involve hormonal changes or changes in amino acids 
(Wargo 1972) • 
Other factors which deserve consideration could be the 
fact that since the mycelial phase grows well on softwoods, 
the softwoods may contain compounds which inhibit fruit-body 
formation or lack specific factors necessary to initiate the 
fruiting stage. Berry and Lombard (1978)reported that most 
of the decay fungi that attack oak rarely produce fruiting 
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bodies on living trees. The length of this initial period 
of vegetative growth depends partly on the environment but 
also largely on the age and genetic constitution of the 
culture. No manipulation of the environment is able to 
reduce this phase to less than a particular minimum value 
characteristic of the species or strain of fungus concerned. 
One must assume that reproduction does not take place until 
the conditions inside the mycelium are suitable. Such an 
internal condition may be influenced by the environment, but 
is not entirely dependent upon it (Hawker 1957). 
One such environmental factor is nutrition. Many 
wood-destroying polypores remain in the vegetative state in 
the living tree for long periods and produce their fruit-
bodies only when the tree is in a semi-moribund condition. 
The reduction in food supply presumably leads to 
sporulation preceded by a period of intensive feeding under 
conditions of high availability of nutrients (Hawker 1957). 
Although nutrition is the most important single factor 
controlling reprorluction other environmental conditions 
involved are water supply, pH, temperature, aeration, light, 
gravity and fungistatic substances (Hawker 1966). Taking 
all the above factors into consideration, the conditions for 
fruit-body formation are usually narrower than those 
permitting mycelial growth. Regardless of the factors 
involved, two generalizations can be made about 
reproduction: anything tending to increase the actual rate 
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of metabolism tends to encourage fruiting; and fruiting is 
the result of an interference with metabolism causing a 
change or "shunt" in the paths of various syntheses in the 
direction of possible "fruiting substances" (Hawker 1957). 
Based on the fact that in the present study the 
mycelial stage grew quite well on conifers under laboratory 
conditions, it is suggested that it is possible for the 
mycelial stage of P. stipticus to occur on conifers in 
nature. The fact that ether soluble substances were found 
in conifers which inhibited growth more than those extracted 
from oak, along with other research regarding initiation of 
the fruiting stage, strongly suggests that P. stipticus has 
a narrower environmental,range at which fruiting can occur. 
Further investigations concentrating on these aspects and 
involving chemical characterization and/or identification of 
the inhibitors could bring a better understanding to this 
issue. 
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Figure 3. Cross section of Quercus rubra showing 
Armillariella mellea in tyloses and smaller vessels. lOOX 
Figure 4. Tangential section of Juniperus virginiana 
infected with Panus stipticus showing hyphae passing through 
bordered pit. l200X 
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Figure 5. Radial 
hyphae of panus 
elements. 200X 
section of 
stipticus 
Juniperus virginiana showing 
horizontally crossing axial 
Figure 6. Tangential section of Juniperus virglnlana 
inf~cted with Armillariella mellea showing hyphae 
horizontally passing through rays and penetrating walls of 
tracheids. 200X 
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Figure 7. Tangential section of Taxodium distichum showing 
Panus stipticus hyphae confined to individual lumina growing 
both vertically and horizontally. 200X 
Figure 8. Radial 
with Panus stipticus 
lumina. 200X 
section of Taxodium distichum infected 
showing branched hyphae within the 
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Figure 9. Radial section of Taxodium distichum showing 
hyphae of Armillarie11a me11ea penetrating the walls of the 
tracheids. 200X 
Figure 10. Tangential section of Pinus taeda showing dense 
mycelial growth of Panus stipticus on surface. 100X 
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Figure 13. Response of Armi11ariel1a me11ea and Panus 
stipticus to deionized water and YMEG medium. 
Figure 14. Response of Armi11ariella me11ea and Panus 
stipticus to controls of deionized water and diethy1 ether. 
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Figure 15. Dry mycelial weights of Panus stipticus at two, 
four and six weeks (bottom, middle and top of histograms 
respectively) • Media were YMEG medium plus the following 
ether extracts: 
A Ether - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
Figure 16. Dry mycelial weights of Panus stipticus at two, 
four and six weeks (bottom, middle and top of histograms 
respectively). Hatching in four to six week interval for 
Taxodiurn reflects a decrease in weight. Media were 
deionized water plus the following ether extracts: 
A Ether - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
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Figure 17. Dry mycelial weights of Panus stipticus at two, 
four and six weeks (bottom, middle and top of histograms 
respectively) • Hatching in four to six week interval for 
Taxodium reflects a decrease in weight. Media were YMEG 
medium plus the following aqueous extracts: 
A Deionized water - control 
B Taxodium distichum 
C Juniperus virginiana 
D pinus taeda 
E Quercus rubra 
Figure 18. Dry mycelial weights of Panus stipticus at two, 
four and six weeks (bottom, middle- and top of histograms 
respectively) • Hatching in four to six week interval for 
Taxodium and two to four week interval for Quercus reflects 
a decrease in weight. Media were deionized water plus the 
following aqueous extracts: 
A Deionized water - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
A c o E 
B 
media 
A c o E 
media 
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Figure 19. Dry mycelial weights of Armillariella mellea at 
two, four and six weeks (bottom, middle and top of 
histograms respectively). Media were YMEG medium plus the 
following ether extracts: 
A Ether - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
Figure 20. Dry mycelial weights of- Armillariella mellea at 
two, four and six weeks (bottom, middle and top of 
histograms respectively). Hatching in the four to six week 
intervalfor Juniperus reflects a decrease in weight. Media 
were deionized water plus the following ether extracts; 
A Ether - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
A D E 
B c 
media 
A B c o E 
media 
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Figure 21. Dry mycelial weights of Armillariella mellea at 
two, four and six weeks (bottom, middle and top of 
histograms respectively). Hatching in four to six week 
interval for Taxodium reflects a decrease in weight. Media 
were YMEG medium plus the following aqueous extracts: 
A Deionized water - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
Figure 22. Dry mycelial weights of Armillariella mellea at 
two, four and six weeks (bottom, middle and top of 
histograms respectively). Hatching in two to four week 
interval for Taxodium, Juniperus, and Quercus reflects a 
decrease in weight. Media were deionized water plus the 
folowing aqueous extracts: 
A Deionized water - control 
B Taxodium distichum 
C Juniperus virginiana 
D Pinus taeda 
E Quercus rubra 
A E 
B C D 
media 
E 
B c D 
A 
media 
Table 1. Relative growth of Panus stipticus and 
Armillariella mellea on representative autoclaved woods four 
months after inoculation. 
Panus 
Juniperus 
virginiana 
stipticus +++ 
Armillariella 
mellea +++ 
Taxodium 
distichum 
+ 
+ 
+ Growth radius 25mm or less 
Pinus 
taeda 
+++ 
+++ 
++ More than one-half of block covered 
+++ Entire block covered 
Quercus 
rubra 
++ 
++ 
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Table II. Analysis of variance of dry mycelial weights of 
Panus stipticus and Armi11arie11a me11ea. 
SOURCE 
Main Effects 
Fungus 
Medium 
Extract 
Wood 
Week 
2-Way Interactions 
Fungus Medium 
Fungus Extract 
Fungus Wood 
Fungus Week 
Medium Extract 
Medium Wood 
Medium Week 
Extract Wood 
Extract Week 
Wood Week 
3-Way Interactions 
Fung Med Ext 
Fung Med Wood 
Fung Med Week 
Fung Ext Wood 
Fung Ext Week 
Fung Wood Week 
Med Ext Wood 
Med Extn Week 
Med Wood Week 
Ext Wood Week 
Explained 
Residual 
Total 
DF 
9 
1 
1 
1 
4 
2 
29 
1 
1 
4 
2 
1 
4 
2 
4 
2 
8 
43 
1 
4 
2 
4 
2 
8 
4 
2 
8 
8 
81 
276 
357 
MEAN 
SQUARE 
281. 593 
375.537 
202.415 
45.474 
16.487 
931. 784 
22.280 
0.460 
149.467 
4.583 
12.951 
5.861 
7.235 
4.743 
11. 433 
131.215 
11.813 
6.450 
8.306 
4.656 
0.679 
6.083 
43.790 
3.445 
3.472 
10.270 
1. 553 
7.619 
42. 689 
9.783 
10.291 
F SIGNIF 
359.466 0.000 
479.390 0.000 
258.392 0.000 
58.049 0.000 
21.046 0.000 
1189.466 0.000 
28.441 0.000 
0.587 0.444 
190.801 0.000 
5.850 0.000 
16.532 0.000 
7.481 0.007 
9.236 0.000 
6.054 0.003 
14.595 0.000 
167.502 0.000 
15.080 0.000 
8.234 0.000 
10.603 0.001 
5.944 0.000 
0.867 0.421 
7.766 0.000 
55.900 0.000 
4.398 0.000 
4.432 0.002 
13.110 0.000 
1. 983 0.049 
9.726 0.000 
54.495 0.000 
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Appendix I. Means and ranges (in parentheses) of dry mycelial 
intervals with regard to medium and supplement. 
Medium, supplement 
YMEG ether 
YMEG, ether extract Taxodium 
YMEG, ether extract Juniperus 
YMEG, ether extract Pinus 
YMEG, ether extract Quercus 
water, ether 
water, ether extract Taxodium 
Water, ether extract Juniperus 
Water, ether extract Pinus 
water, ether extract Quercus 
YMEG, water 
YMEG, aqueous extract Taxodium 
YMEG, aqueous extract Juniperus 
YMEG, aqueous extract Pinus 
YMEG, aqueous extract Quercus 
Water, water 
Water, aqueous extract Taxodium 
Water, aqueous extract Juniperus 
Water, aqueous extract Pinus 
Water, aqueous extract Quercus 
dry mycelial 
2 weeks 
4.S (4.1-4.8) 
4.2 (3.9-4.6) 
3.S (2.7-3.9) 
4.6 (4.S-4.7) 
10.3 (3.3-3.6) 
2.2 (2.2-2.3) 
2.9 (2.6-3.S) 
3.8 (2.S-6.4) 
2.3 (2.2-2.4) 
2.4 (2.3-2.4) 
3.6 (2.2-S.0) 
3.6 (1.S-4.6) 
2.6 (2.3-2.8) 
2.4 (1.6-3.0) 
2.1 (l.7-2.7) 
0.9 (0.6-1.1) 
0.7 (0.S-0.9) 
1.8 (1.7-2.0) 
1.7 (0.3-2.8) 
4.3 (2.0-8.8) 
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weights of Panus stipticus measured at two, four and six week 
weights (mg) 
4 weeks 6 weeks 
10.7 (10.4-11.1) 11.6 (11.3-12.3) 
9.8 (9.4-10.1) 10.3 (10.1-10.7) 
8.5 (7.9-8.9) 8.8 (8.5-9.1) 
10.1 (9.2-10.7) 10.3 (10.1-10.7) 
10.6 (10.5-10.7) 10.7 (9.1-11.6) 
9.5 (9.1-9.9) 10.4 (10.3-10.4) 
8.4 (8.0-9.2) 7.9 (7.7-8.3) 
7.8 (7.6-8.1) 8.3 (7.6-9.2) 
8.3 (S.0-8.5) S.4 (8.1-8.8) 
8.0 (7.0-8.7) 8.4 (8.1-8.9) 
6.0 (5.9-6.2) 9.9 (9.8-10.1) 
5.7 (4.1-6.3) 3.8 (3.5-4.0) 
7.2 (6.7-7.8) 10.1 (9.7-10.5) 
6.5 (6.1-7.1) 10.6 (10.3-10.7) 
6.2 (5.8-6.7) 10.3 (10.1-10.4) 
4.3 (4.2-4.3) 9.3 (9.0-9.5) 
4.4 (4.1-4.6) 1.9 (1.3-2.4) 
3.8 (3.6-3.9) 9.1 {8.9-9.2} 
4.3 (4.1-4.6) 9.6 (9.2-10.2) 
4.0 {3.8-4.1} 9.6 (9.3-9.9) 
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Appendix II. Means and ranges (in parentheses) of dry mycelial 
week intervals with regard to medium and supplement. 
Medium, supplement dry mycelial 
2 weeks 
YMEG, ether 4.6 (3.7-5.2) 
YMEG, ether extract Taxodium 3.5 (2.9-4.2) 
YMEG, ether extract JuniEerus 3.3 (3.1-3.5) 
YMEG, ether extract Pinus 4.6 (3.6-5.4) 
YMEG, ether extract Quercus 3.8 (3.3-4.6) 
Water, ether 3.3 (3.0-3.6) 
Water, ether extract Taxodium 3.4 (3.3-3.6) 
Water, ether extract Juniperus 3.1 (3.0-3.2) 
Water, ether extract Pinus 2.9 (2.8-3.1) 
Water, ether extract Quercus 4.1 (2.8-6.3) 
YMEG, water 8.7 (8.2-9.4) 
YMEG, aqueous extract Taxodium 7.6 (7.4-7.8) 
YMEG, aqueous extract Juniperus 8.0 (7.8-8.4) 
YMEG, aqueous extract Pinus 9.4 (8.3-10.2) 
YMEG, aqueous extract Quercus 8.5 (7.6-9.0) 
Water, water 6.0 (5.7-6.5) 
Water, aqueous extract Taxodium 7.4 (7.0-8.2) 
Water, aqueous extract Juniperus 7.6 (7.4-7.8) 
Water, aqueous extract pinus 6.3 (5.8-7.0) 
Water, aqueous extract Quercus 7.4 (7.3-7.6) 
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weights of Armi11arie11a me11ea measured at two, four and six 
weights (mg) 
4 Weeks 6 Weeks 
10.9 (10.8-11.1) 13.1 (12.5-13.9) 
9.0 (8.8-9.2) 10.8 (10.6-11.1) 
8.4 (8.2-8.6) 9.8 (9.6-10.0) 
11. 3 (10.2-11.9) 13.5 (13.0-14.2) 
9.7 (9.4-10.0) 12.8 (12.0-13.4) 
9.1 (8.6-10.0) 10.3 (9.8-11.1) 
9.7 (9.5-9.9) 10.1 (9.9-10.3) 
9.8 (9.5-10.1) 9.3 (8.8-9.9) 
9.8 (9.3-10.5) 10.1 (9.9-10.5) 
8.9 (8.6-9.5) 9.9 (9.7-10.1) 
10.0 (9.8-10.3) 12.5 (12.3-12.9) 
11.3 (11.0-11.6) 8.2 (7.3-9.5) 
8.7 (8.4-9.2) 10.1 (9.3-10.8) 
9.5 (8.5-10.2) 10.6 (9.1-12.4) 
10.2 (10.0-10.5) 13.0 (12.7-13.4) 
6.3 (6.1-6.5) 6.7 (5.9-7.6) 
6.8 (6.5-7.1) 9.0 (8.6-9.7) 
6.8 (5.7-7.4) 8.9 (7.3-10.4) 
6.5 (6.3-6.6) 9.3 (9.1-9.6) 
6.9 (6.1-7.4) 12.4 (11.9-12.9) 
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